Background-Perceived mental stress has been associated with risk of coronary heart disease (CHD) in white men, but no prospective data are available for other ethnic groups. .001) for total CVD. For men, these relations were generally weaker but suggestive of myocardial infarction. Conclusions-Perceived mental stress was associated with increased mortality from stroke for women and with CHD for men and women.
M
ental stress is considered a risk factor for cardiovascular disease (CVD) according to experimental and clinical evidence. 1 Mental stress may cause increased sympathetic activity, which could lead to increased ambulatory blood pressure levels and pulse rates, 2 reduced insulin sensitivity, 3 increased platelet aggregation, 4 and endothelial dysfunction. 5 These effects, individually or in combination, may contribute to increased risk of CVD.
Furthermore, mental stress is a common trigger of myocardial ischemia during routine activities of daily living among patients with stable coronary heart disease and/or silent exercise-induced myocardial ischemia. 6 Mental stress can cause coronary vasoconstriction at sites with atherosclerotic plaques. 7 These findings suggest that mental stress may trigger the clinical events of coronary heart disease, particularly in the presence of advanced coronary atherosclerosis.
However, there are limited epidemiological data on the relationship between mental stress and mortality as well as the incidence of CVD. Previous case-control studies have suggested a possible role for perceived mental stress on the occurrence of myocardial infarction 8 and sudden death, 9 but the findings were liable to recall bias due to the study design. A prospective study, with an advantageous study design, showed positive correlation between perceived mental stress and the incidence of coronary heart disease among white men. 10 To our knowledge, there is no prospective evidence on the risk of coronary heart disease among nonwhite populations or on the risk of stroke in either whites or nonwhites. We examined the relationship between perceived mental stress and mortality due to stroke, coronary heart disease, and total CVD among Japanese men and women in a large cohort study.
Methods
The Japan Collaborative Cohort Study for Evaluation of Cancer Risk Sponsored by Monbusho (JACC Study) began in 1988 to 1990, when 110 792 individuals (46 465 men and 64 327 women) aged 40 to 79 years and living in 45 communities across Japan participated in municipal health screening examinations and completed selfadministered questionnaires about their lifestyles and medical histories of previous CVD and cancer. 11 Informed consent was obtained from them when they completed the questionnaire. Among them, 32 184 men and 45 876 women provided a valid response (extremely high, high, medium, or low) to the question about awareness of stress: "What is the level of stress in your daily life?" We excluded 2004 men and 2652 women from the analysis because of a previous history of stroke, coronary heart disease, or cancer at baseline. Therefore, 30 180 men and 43 244 women were enrolled in the present study.
Mortality Surveillance
For mortality surveillance in each community, investigators conducted systematic review of death certificates, all of which were forwarded to the public health center in the area of residency. Mortality data were sent centrally to the Ministry of Health and Welfare, and the underling causes of death were coded according to the International Classification of Diseases, 10th Revision, for the National Vital Statistics. Registration of death is required by the Family Registration Law in Japan and is believed to be followed across Japan. Therefore, all deaths that occurred in the cohort were ascertained by death certificates from a public health center, except for subjects who died after they had moved from their original community, in which case the subject was treated as a censored case. The follow-up was conducted until the end of 1997, and the average follow-up period for the participants was 7.9 years. The present study was approved by the Ethics Committee of the Nagoya University School of Medicine.
Statistical Analysis
Statistical analyses were based on sex-specific incidence rates of stroke during the follow-up period from 1989 to 1997. For each participant, the person-years of follow-up were calculated from the date of filling out the baseline questionnaire to death, moving out of the community, or the end of 1997, whichever was first. The sex-specific relative risk of mortality from CVD was defined as the death rate among participants in 3 categories of awareness levels of mental stress divided by the corresponding rate among those with low mental stress. The percent distributions of the response was 17% for low stress, 61% for medium stress, 11% for high stress, and 11% for extremely high stress among men, and the respective values for women were 17%, 63%, 95%, and 11%. Because of the relatively low percentages of the categories of high and extremely high stress, these 2 categories were combined.
Age-adjusted means and proportions of selected cardiovascular risk factors and psychological factors were presented among the categories of perceived mental stress; statistical testing was not conducted because of the large sample size. The age-adjusted and multivariate-adjusted relative risks and their 95% CIs were calculated after adjustment for age and potential confounding factors by using the Cox proportional hazards model. These confounding variables included body mass index (sex-specific quintiles), smoking status (never, exsmoker, and current smokers of 1 to 19 and Ն20 cigarettes per day), alcohol intake category (never, exdrinker, and current drinkers of ethanol at 1 to 22, 23 to 45, 46 to 68, and Ն69 g per day), hours of walking (Ͻ1, 1 to 2, 3 to 4, and Ն5 hours per week), and hours of sleep (Ͻ6.0, 6.0 to 6.9, 7.0 to 7.9, 8.0 to 8.9, and Ն9.0 hours per day). In addition, histories of hypertension and diabetes were included in the multivariate model as intermediate variables to examine how the inclusion of these variables influenced the association between mental stress and the risk of CVD. Furthermore, psychological variables other than perceived mental stress were included as dummy variables of responses in the multivariate models. These variables were (1) hopelessness (definitely yes, yes, maybe yes, or no), which was based on the following question: "Do you have some hope in your daily life?"; (2) self-estimation of quick response (yes, maybe yes, or no), which was based on the following question: "Do you have a quick response to things you need to deal with?"; (3) sense of hurry (definitely yes, yes, maybe yes, or no), which was based on the following question: "Are you in a hurry to achieve your jobs?"; (4) anger (yes, maybe yes, or no), which was based on the following question: "Are you likely to be angry?"; (5) joyfulness (definitely yes, yes, maybe yes, or no), which was based on the following question: "Do you enjoy your life?"; (6) fulfillment (definitely yes, yes, maybe yes, or no), which was based on the following question: "Do you wish to have your life again?"; and among those persons with full-time jobs, (7) job stress (yes or no), which was based on the following question: "Do you have difficulty in relations with other persons at job sites?" and (8) job control (yes or no), which was based on the following question: "Do you have a sense of control for job demand?" Cause-specific mortality was determined by total stroke (International Classification of Diseases, 10th revision, codes I60 to I69), total coronary heart disease (codes I20 to I25), myocardial infarction (code I21), and total CVD (codes I01 to I99) separately. Further grouping of total strokes was conducted as subarachnoid hemorrhage (code I60), intraparenchymal hemorrhage (code I61), and ischemic stroke (code I63). We conducted stratified analyses by age (40 to 64 years and Ն65 years), history of hypertension (no versus yes), and history of diabetes (no versus yes) to assess the effect of modification, and the presence of interaction was tested by using cross-product terms of mental stress variables and stratified variables.
Results
Among 30 180 men and 43 244 women followed up for 7.9 years, 778 men and 643 women died from total CVD. These deaths among men included 341 total strokes (95 intraparenchymal hemorrhages, 40 subarachnoid hemorrhages, and 129 ischemic strokes) and 168 coronary heart diseases (133 myocardial infarctions). The respective number of deaths among women was 316 (66, 78, and 99) and 113 (89). Table 1 shows sex-specific selected cardiovascular risk factors and psychological factors by 3 categories of perceived mental stress. Compared with men and women who reported low mental stress, those who reported higher stress were Ϸ1 to 7 years younger, more educated, more sedentary, and more likely to have a history of hypertension or diabetes and full-time work, and they had lower mean values of body mass index and ethanol intake, and, for women, smoked more.
Grades of perceived mental stress were positively associated with anger, hurry, no fulfillment, and, among full-time workers, job stress, whereas they were inversely associated with job control for both sexes. The proportions of no quick response, hopelessness, no joyfulness, and not being trusted were lower among persons with medium stress and higher among persons with high stress compared with those with low stress. Table 2 shows sex-specific age-adjusted and multivariate relative risks of total stroke and stroke subtypes, total coronary heart disease, myocardial infarction, and total CVD. Compared with women who reported low mental stress, women with high mental stress had Ϸ2 times higher ageadjusted mortality from total stroke and coronary heart disease and 1.6 times higher mortality from total CVD. The excess mortality was particularly evident for intraparenchymal hemorrhage and myocardial infarction. We found significant multivariate relative risks (95% CI) after adjustment for potential cardiovascular factors other than hypertension and diabetes among women as follows: 2.10 (1.45 to 3.02), PϽ0.001 for total stroke; 3.69 (1.43 to 9.54), Pϭ0.007 for intraparenchymal hemorrhage; 2.13 (1.00 to 4.54), Pϭ0.05 for subarachnoid hemorrhage; 2.20 (1.17 to 4.12), Pϭ0.01 for ischemic stroke; 2.20 (1.19 to 4.08), Pϭ0.01 for coronary heart disease; 2.66 (1.32 to 5.34), Pϭ0.006 for myocardial infarction; and 1.64 (1.27 to 2.12), PϽ0.001 for total CVD. Further adjustment for hypertension and diabetes somewhat attenuated these relations, but they remained statistically significant. The adjustment for selected psychological factors did not alter these relations materially and made the relation with subarachnoid hemorrhage even stronger. The multivariate relative risk (95% CI) of subarachnoid hemorrhage was 2.71 (1.21 to 6.09), with Pϭ0.02.
Men with high mental stress showed no significant excess risks of mortality from total stroke, stroke subtypes, coronary heart disease, myocardial infarction, or total CVD. For myocardial infarction, a significant excess risk was found among men with medium mental stress, and the risk tended to be higher among men with high mental stress. The multivariate relative risks of myocardial infarction (95% CI) among men with medium or high mental stress compared with those with low mental stress were, respectively, as follows: 1.74 (1.05 to 2.90), Pϭ0.03 after adjustment for cardiovascular risk factors; and 1.66 (0.99, 2.81), Pϭ0.06 after further adjustment for psychological factors (not shown).
Multivariate relative risks of CVD were examined for men and women combined, further stratifying by 2 age groups (40 to 64 and 65 to 79 years), hypertension, and diabetes status ( Table 3 ). The excess risk of mortality due to total stroke and total CVD tended to be more evident among hypertensive and diabetic individuals, and the interaction of stress with diabetes for total CVD was of borderline statistical significance (Pϭ0.06). The excess risk of mortality due to total stroke and coronary heart disease tended to be more evident among the older age group, and the interaction of stress with age for total stroke was of borderline statistical significance (Pϭ0.07).
Discussion
In the present large prospective study of middle-aged Japanese men and women, we observed excess mortality from total stroke, myocardial infarction, and total CVD associated with perceived mental stress. The excess risk of mortality associated with high mental stress was particularly evident among women and was still statistically significant after adjustment for known cardiovascular risk factors. For men, the significant excess risk associated with medium and high mental stress was observed for myocardial infarction. The excess risk of myocardial infarction or coronary heart disease associated with perceived mental stress among Japanese men and women was similar to that reported previously for middle-aged white individuals. 10 In a prospective study of Swedish men, however, perceived mental stress was related to the risk of uncomplicated angina pectoris but not to the risk of complicated angina leading to myocardial infarction. 12 Another prospective study of Swedish women showed that the degree of strain experience (subjective feelings of stress) was associated with risk of angina pectoris but failed to show any significant excess mortality from coronary heart disease. 13 Furthermore, the Framingham study failed to show any significant relationship between perceived daily stress and risk of coronary heart disease for either sex. 14 The present study also showed that perceived high mental stress was associated with risk of mortality from total stroke (each of intraparenchymal hemorrhage, subarachnoid hemorrhage, and ischemic stroke) among Japanese women. To our knowledge, this is the first report involving the prospective association between mental stress and mortality from stroke (either hemorrhagic or ischemic).
The reason for stronger associations of mental stress with CVD among women than among men is uncertain. There may a great deal of fluctuation in life stress and also intraindividual variability in perceived mental stress. Therefore, a simple question in the present study is likely to have a high degree of exposure misclassification, which makes the association between mental stress and the risk approach null. It is possible that the long-term variability of perceived mental stress may be less among women than among men because of less opportunity of having job stress; the percentage of having a full-time job at baseline was 75% among men and 32% among women. There was another possibility that men were inclined not to admit having high mental stress, which was supported by the fact that the distribution of mental stress was similar between men and women although more than twice as many men were employed full time. The residual confounding by job-related factors among men was not negated because we had limited data on job stress and control for the statistical adjustment.
One of the potential mechanisms of the excess risk of stroke and myocardial infarction associated with mental stress is the effect of the latter on increased ambulatory blood pressure levels and heart rates though increased sympathetic nervous activities. 2 Hypertension and tachycardia raise the risk of stroke and coronary heart disease. 15 Exaggerated blood pressure response to mental stress was associated with increased intima-media thickness in carotid arteries 16 and with subsequent progression of carotid atherosclerosis. 17 In the present study, the prevalence of history of hypertension was higher with increased mental stress for both sexes. A stronger relation of mental stress with intraparenchymal hemorrhage than with ischemic stroke and coronary heart disease supports this mechanism inasmuch as hypertension is a stronger risk factor for intraparenchymal hemorrhage. 18 RR indicates relative risk. Categories for multivariate adjustment were as follows: age (5-year increments), body mass index (quintiles), smoking status (4 categories), alcohol intake (6 categories), hours of walking (4 categories), hours of sleep (4 categories), and psychological variables, including anger, hurry, self-estimation of quick response, hopelessness, senses of joyfulness, being trusted, fulfillment (3 or 4 categories), and, among full-time workers, job stress and control (2 categories).
The effect of mental stress on increased glucose intolerance or insulin insensitivity 3 is another possible mechanism for the observed mortality. In the present study, the prevalence of a history of diabetes was higher with increased mental stress for both sexes. Diabetes raises the risk of ischemic stroke and coronary heart disease. 19, 20 These findings suggest that the excess risk associated with mental stress may be mediated by hypertension and diabetes. However, adjustment for hypertension and diabetes did not eliminate the excess risk, suggesting other mechanisms.
Mental stress is a common trigger of myocardial ischemia during routine activities of daily living 6 as well as during psychological tests 21 among patients with stable coronary heart disease and/or silent exercise-induced myocardial ischemia. The development of coronary vasoconstriction has been demonstrated in areas of atherosclerotic plaques after mental stress. 7 These findings suggest that mental stress may trigger the clinical events of coronary heart disease when coronary atherosclerosis is advanced. This implication was supported by our present finding that the excess mortality from coronary heart disease associated with mental stress tended to be more evident among older individuals and those with hypertension who may have more advanced atherosclerosis compared with younger people and those with normal blood pressure. Categories for multivariate adjustment were as follows: sex, age (5-y increments), body mass index (quintiles), smoking status (4 categories), alcohol intake (6 categories), hours of walking (4 categories), hours of sleep (4 categories), and psychological variables, including anger, hurry, self-estimation of quick response, hopelessness, senses of joyfulness, being trusted, fulfillment (3 or 4 categories), and, among full-time workers, job stress and control (2 categories).
Increased platelet aggregability due to mental stress 4 is also a plausible mechanism. In this regard, increased platelet aggregability raises the risk of ischemic stroke and coronary heart disease. 22 The prolonged impairment of endothelium-dependent relaxation potentially caused by mental stress 5 is a plausible mechanism. Animal experimental studies suggest that endothelial dysfunction may enhance atherosclerosis through reduced availability of NO, increased vascular tone, enhanced adhesion of leukocytes, and enhanced platelet aggregation. 23, 24 Limitations of the present study warrant discussion. We used a single simple question about self-perceived mental stress rather than scores of mental stress. Negative emotions, including anger, 25 hostility, 14, 26 anxiety, 27 depression, 28, 29 and hopelessness, 30 which have been associated with the incidence of or mortality from coronary heart disease and stroke, might mediate the association between perceived mental stress and CVD. We asked simple independent psychological questions about anger, hurry, self-estimation of quick response, hopelessness, sense of joyfulness, being trusted, and fulfillment. In the present study, perceived mental stress was positively correlated with anger, with hurry, and with no fulfillment for both sexes but was not consistently associated with no quick response, with hopelessness, with no joyfulness, or with not being trusted. The adjustment for these psychological factors did not alter the relationships between perceived mental stress and cardiovascular mortality.
The second limitation is the residual confounding on the association between mental stress and risk of CVD. Although we adjusted for selected cardiovascular risk factors and psychological factors, we cannot exclude the possible influence of other risk factors, lifestyles, and psychosocial factors. Third, we used the mortality data as end points, which may lead to misclassification in the diagnosis of stroke subtypes in particular. However, a widespread use of CT among local hospitals since the 1980s has probably made a death certificate diagnosis of stroke subtypes sufficiently accurate. 31, 32 Fourth, differential censoring among mental stress categories may affect the results because we treated subjects who moved from their original community as a censored case. In the present study, the proportion of subjects who moved out was 2.2% in the low-stress category, 2.3% in the mediumstress category, and 4.0% in the high-stress category among men (P for differenceϽ0.001), and the respective proportion among women was 2.9%, 2.5%, and 3.5% (PϽ0.001). Therefore, the relationships between mental stress and mortality may be underestimated, and the real associations would be even stronger than reported in the present study.
The strength of the present study is the high statistical power to detect moderate effects of mental stress on mortality from CVD. We found significant associations of mental stress with mortality from stroke among women and with mortality from myocardial infarction among both men and women. In conclusion, the present study provides epidemiological evidence that perceived mental stress has the potential effect of increasing the risk of stroke and coronary heart disease. Although the underlying mechanisms are not well established, individuals with high mental stress should be regarded as a high-risk group for stroke among women, and as a high-risk group for coronary heart disease among men and women.
